We present the results of a survey aimed at discovering and studying transiting planets with orbital periods shorter than one day (ultra-short-period, or USP, planets), using data from the Kepler spacecraft. We computed Fourier transforms of the photometric time series for all 200,000 target stars, and detected transit signals based on the presence of regularly spaced sharp peaks in the Fourier spectrum. We present a list of 106 USP candidates, of which 18 have not previously been described in the literature. In addition, among the objects we studied, there are 26 USP candidates that had been previously reported in the literature which do not pass our various tests. All 106 of our candidates have passed several standard tests to rule out false positives due to eclipsing stellar systems. A low false positive rate is also implied by the relatively high fraction of candidates for which more than one transiting planet signal was detected. By assuming these multi-transit candidates represent coplanar multi-planet systems, we are able to infer that the USP planets are typically accompanied by other planets with periods in the range 1-50 days, in contrast with hot Jupiters which very rarely have companions in that same period range. Another clear pattern is that almost all USP planets are smaller than 2 R ⊕ , possibly because gas giants in very tight orbits would lose their atmospheres by photoevaporation when subject to extremely strong stellar irradiation. Based on our survey statistics, USP planets exist around approximately (0.51 ± 0.07)% of G-dwarf stars, and (0.83 ± 0.18)% of K-dwarf stars.
1. INTRODUCTION The field of exoplanetary science rapidly accelerated after the discovery of hot Jupiters with orbital periods of a few days (Mayor et al. 1995; Marcy & Butler 1996) . More recently, another stimulus was provided by the discovery of terrestrialsized planets with periods shorter than one day. These objects, which we will refer to as ultra-short period or USP planets, have many interesting properties. They are so close to their host stars that the geometric probability for transits can be as large as 40%. The expected surface temperatures can reach thousands of kelvins, allowing the detection of thermal emission from the planets' surfaces (Rouan et al. 2011; Demory et al. 2012; Sanchis-Ojeda et al. 2013a ). The induced stellar orbital velocities can be as high as a few m s −1 , allowing the planet masses to be measured with current technology even for stars as faint as V = 12 Pepe et al. 2013) . Among the best known USP planets are 55 Cnc e (Dawson & Fabrycky 2010; Winn et al. 2011; Demory et al. 2011a ), CoRoT-7b (Léger et al. 2009; Queloz et al. 2009 ), and Kepler-10b (Batalha et al. 2011) .
The NASA Kepler space telescope (Borucki et al. 2010 ) monitored the brightness of about 200,000 stars for 4 years, long enough to observe thousands of transits of a typical USP planet. Along with Kepler-10b, some of the more prominent discoveries have been the innermost planets of Kepler-42 (Muirhead et al. 2012) and Kepler-32 (Fabrycky et al. 2012; Swift et al. 2013 ) and the system Kepler-70, where two very short period planets were inferred by means of the light reflected by their surfaces (Charpinet et al. 2011) . However, since it was not clear that the official lists of Kepler USP planet candidates were complete, we and several other groups have performed independent searches. One object that emerged from our search was the Earth-sized planet Kepler78b (Sanchis-Ojeda et al. 2013a) , which has an orbital period of 8.5 hours and is currently the smallest exoplanet for which measurements of the mass and radius are both available Pepe et al. 2013) . Jackson et al. (2013) performed an independent search for planets with periods P < 0.5 day, finding several new candidates. More general surveys for Kepler planets have also found USP planets Ofir & Dreizler 2013) . Particularly interesting is the discovery of KOI 1843.03 (Ofir & Dreizler 2013) , a planet with an orbital period of only 0.18 days or 4.25 hr. Rappaport et al. (2013a) demonstrated that in order to survive tidal disruption, the composition of this Mars-sized planet must be dominated by iron as opposed to rock.
In this paper we describe a survey to detect USP planets using the entire Kepler dataset. Section 2 describes the data that we utilized in our study. Our Fourier-based transit search technique is explained in Section 3, along with the steps that were used to winnow down thousands of candidates into a final list of 106 likely USP planets. Section 4 presents the properties of the candidates. The issue of false positives within the USP list is examined in Section 5, with the conclusion that the false-positive probability is likely to be low. As a corollary we infer that most USP planets are accompanied by somewhat more distant planets. Section 6 gives estimates for the occurrence rate of USP planets, and its dependence upon period, radius, and the type of host star. Finally, Section 7 provides a summary of our findings and some remarks about the relevance of USP planets within the field of exoplanets.
OBSERVATIONS

Kepler data
To carry out an independent search for the shortest-period planets, we used the Kepler long-cadence time-series photometric data (30 min samples) obtained between quarters 0 and 16. A list was prepared of all ≈200,000 target stars for which photometry is available for at least one quarter, and the version 5.0 FITS files, which were available for all quarters, were downloaded from the STScI MAST website. We used the data that had been processed with the PDC-MAP algorithm Smith et al. 2012) , which is designed to remove many instrumental artifacts from the time series while preserving any astrophysical variability. We also made use of the time series of the measured X and Y coordinates of the stellar images (the "centroids") in order to test for false positives (see section 3.2). Finally, we used the information in the file headers to obtain estimates of the combined differential photometric precision (CDPP). The CDPP is a statistic determined by the Kepler team's data analysis pipeline that is intended to represent the effective photometric noise level for detecting a transit of duration 6 hours (Christansen et al. 2012) . We used this quantity in our analysis of survey completeness (see Section 5.1).
Stellar properties
For estimates of basic stellar properties including not only radii, but also masses and effective temperatures, we relied upon the catalog of Huber et al. (2014) . This catalog is based on a compilation of photospheric properties derived from many different sources. Although it is not a homogeneous catalog, it likely provides the most accurate stellar parameters that are currently available. Stars for which only broadband photometry is available have radii that could be uncertain by up to ∼40%, while stars for which spectroscopic or even astroseismic constraints are available have radius uncertainties as small as 10%.
3. THE SEARCH 
The Fourier Transform Technique
In our study of short-period planets, we elected to use a Fourier transform ("FT") search. Since this is different from the standard algorithm for transit searching-the Box Least Squares ("BLS") algorithm (Kovács et al. 2002) -it seems appropriate to provide some justification for our choice. The BLS is designed to have the greatest efficiency for transits with a duration that is short in comparison to the orbital period. The Fourier spectrum of an idealized transit light curve has a peak at the orbital period and a series of strong harmonics. By using a matched filter, the BLS algorithm effectively sums all of the higher harmonics into a single detection statistic, which seems like a superior approach.
However, the standard BLS has a few drawbacks. One is that the BLS spectrum includes peaks at multiples of the orbital period and at multiples of the orbital frequency, thereby complicating attempts to ascertain the correct period. In addition, we have found that the standard BLS algorithm produces spurious signals at periods that are integer multiples of the Kepler sampling period of ≈0.02 day. These spurious peaks constitute a highly significant noise background in searches for planets with periods 0.5 day. These spurious peaks can be partially suppressed by pre-whitening the data, i.e., attempting to remove the non-transit astrophysical variability prior to computing the BLS spectrum, but the introduction of such a step complicates the search.
A key advantage of the FT method is that FTs can be computed so quickly that it was practical to repeat the search of the entire database several times while the code was being developed (see for example the simulations by Kondratiev et al. 2009 ). Although the FT of a transit signal has power that is divided among several harmonics, the number of significant harmonics below the Nyquist limit declines as the orbital period is decreased, and the FT is therefore quite sensitive to the shortest-period planets. The ratio of transit duration to period, or duty cycle, varies as P −2/3 and is as large as 20% for USP planets, in which case the efficacy of the FT search is nearly equivalent to that of the BLS. Furthermore, it is straightforward to detect a peak in the FT and its equally-spaced harmonics, either by means of an automated algorithm or by eye. The absence of any subharmonics is a useful and important property of true planet transits as opposed to background blended binaries (which often produce subharmonics due to the difference in depth between the primary and secondary eclipses).
Regardless of the justification, it is often worthwhile to carry out searches with different techniques. Thus far, the independent searches of the Kepler database have utilized the BLS technique (Ofir & Dreizler 2013; Huang et al. 2013; Petigura et al 2013; Jackson et al. 2013) , and for this reason alone it seemed worthwhile to take a different approach. In the end, though, the proof of the effectiveness of an FT search lies in what is found, and in this work we demonstrate empirically that the FT is a powerful tool for finding short-period planets. Figure 1 is a flow chart illustrating the numbers of the ∼ 200, 000 Kepler stars that survived each stage of our search program. The PDC-MAP long-cadence time series data from each quarter was divided by the median flux of that quarter. We removed outliers with flux levels 50% above the mean (likely due to cosmic rays), and all of the quarterly time series were stitched together into a single file. We further cleaned the data using a moving-mean filter with a length of 3 days. Using a filter to clean the data does not affect our ability to detect high frequency signals as long as the length of the window captures a few cycles of the target signal, and, at the same time, it increases the sensitivity to signals at intermediate frequencies, since it removes long-term trends that have the potential to increase the FT power at these frequencies. To prepare the data for the application of the Fast Fourier Transform (FFT), gaps in the time series were filled by repeating the flux of the data point immediately prior to the gap. The mean flux was then subtracted, giving a zero-mean, evenly-spaced time series. The FFT was then evaluated in the conventional manner all the way up to the Nyquist limit, i.e., the number of frequencies (n f ) in the transform is equal to half the number of data points.
Preliminary analysis of the candidates
We searched for the presence of at least one peak that is more than 4 times the local mean level in the Fourier amplitude spectrum (square root of the power spectrum), with a frequency higher than 1 cycle day −1 . The local mean level was estimated using the closest n f /250 frequencies, a number close to 120 for stars with 16 quarters of data. (This number is large enough to ensure that the interval used to estimate the local mean level is much wider than the FFT peaks, and that any possible contribution to the mean local level due to the The upper row represents the automated portion of the search, which, together with visual inspection of the folded light curves (fifth box) yielded 375 candidates. This set of objects was combined with the objects that were identified by visual inspection, and some that had already been designated Kepler Objects of Interest (KOIs) or identified by other teams (gray boxes), to yield a total of 471 distinct candidates that were studied in greater detail. After applying several tests for false positives caused by foreground and background binary stars (see Figure 4) , and imposing a limiting signal-to-noise ratio of 12 in the folded light curve, we arrived at a final list of 106 USP candidates.
peak is much smaller than the true local mean level.) In order for the target to be considered further, we also required that the FT exhibit at least one additional harmonic that stands out at least 3 times the local mean. For the selected objects, we increased the accuracy of the peak frequencies by calculating the FFT of a new flux series that was built from the original series by adding as many zeroes as needed to multiply the length of the array by a factor of 20 (a process known as "frequency oversampling").
Approximately 15,000 objects were selected by virtue of having at least one significant high-frequency peak and a harmonic. These objects underwent both visual and automated inspection.
First, all the Fourier spectra were examined by eye. Those that showed peaks at several harmonics with slowly monotonically decreasing amplitudes, all of which were higher than 1 cycle day −1 , were selected for further study (see Figure 2 for some examples of the FT spectra). This process resulted in 240 objects worthy of attention, and was effective in quickly identifying the targets with the highest signal-to-noise ratios (SNRs) and periods shorter than 12-16 hours, such as Kepler78b (Sanchis-Ojeda et al. 2013a) .
Second, our automatic vetting codes were used to try to identify and reject unwanted sources such as long-period planets, eclipsing binaries, and pulsators. The initial step in this process was to find all significant FT peaks with an amplitude 4 or more times the local noise level. Next, all objects with more than 10 significant frequencies between 1 and 10 cycles day −1 , a clear sign that the system is a pulsator or long-period planet and not a short-period transiting planet, were rejected. In other cases where frequencies lower than 1 cycle day −1 were detected and successfully identified as the true periodicity of the signal, the sources were also rejected. Application of these filters reduced the number of candidates from 15,000 to ∼ 9, 000.
The surviving candidates then underwent a time-domain analysis. To remove the slow flux variations caused by starspots and stellar rotation, a moving-mean filter was applied to the flux series, with a width in time equal to the candidate orbital period. The data were then folded with that period, and the light curve was fitted with three models: a simple transit model, a sinusoid with the candidate period, and a sinusoid with twice the candidate period. For a candidate to survive this step, the transit signal needed to be detected with SNR ≥ 7, and the transit model needed to provide a fit better than the fits of either of the sinusoidal models. This automated analysis reduced the number of objects from 9,000 to ∼ 3, 500. The folded light curves were then inspected by eye. We found that in many cases the automated pipeline was still passing through some longer-period planets and pulsators. However, with only 3,500 objects, it was straightforward to reduce the list further through visual inspection of the folded light curves. We selected only those light curves with plausible transit-like features, including transit depths shallower than 5 to 10%, to reduce the list of surviving candidates along this pathway to 375.
We then combined the following lists: the 240 candidates from visual inspection of the FTs; the 375 candidates from the automated pipeline followed by visual inspection of the folded light curves; the 109 candidates with P < 1 day in the KOI list (as of January 2014; Akeson et al. 2013) ; and the 28 candidates with P < 1 day that emerged from the independent searches of Ofir & Dreizler (2013) , Huang et al. (2013) , and Jackson et al. (2013) . There was substantial overlap among these various lists (see Figure 3) . The result was a list of 471 individual candidates. The next step was to subject these candidates to selected standard Kepler tests for false positives (Batalha et al. 2010) .
The first in this series of tests was the image centroid test Our pipeline has been able to independently detect 89 out of these 106 candidates, with all missed planets having orbital periods longer than 12 hours. The literature contribution only counts those planets that were first detected by other groups Ofir & Dreizler 2013; Jackson et al. 2013 ) for a total of 19 USP planet candidates, since currently we have no knowledge about how many of the other 87 USP planet candidates they could have detected independently.
which was used to reject those systems wherein the apparent motion of the stellar image during transits was large enough to rule out the Kepler target as the main source of the photometric variations. To carry out this test, the time series comprising the row (X) image centroid estimates and that comprising the column (Y ) estimates were each processed with the movingmean filter that was used for the flux time series. Each filtered time series was folded with the candidate period. The degree of correlation between the flux deviations and the centroid deviations was then calculated by computing the values of dY /d f and dX/d f , where dX and dY represent, respectively, the in versus out of transit change in row or column pixel position, and d f represents the in versus out of transit change in relative flux. These gradients were multiplied by the Kepler plate scale of 4 arcsec pixel −1 in order to estimate the location of the flux-variable source with respect to the center-of-light of the sources within the photometric aperture (Jenkins et al. 2010 , Bryson et al. 2013 .
A significant centroid shift implies the presence of more than one star in the Kepler aperture, but does not necessarily imply that the object should be classified as a false positive; even if the intended Kepler target is indeed the source of the photometric variations, the steady light of other nearby stars would cause the centroid to move during transits. Ideally, one would use the measured centroid shift and the known positions and mean fluxes of all the stars within the Kepler aperture to pinpoint the variable star. In the present case, though, the best available images (from the UKIRT Kepler field survey 5 ) only allow us to differentiate fainter companion stars outside of a limiting separation that is target-dependent. For example, a star 2 magnitudes fainter than the target star may be difficult to distinguish from the target star at separations less than an angle as small as 1 ′′ or as large as 3 ′′ (Wang et al. 2013) .
Our procedure was to rely on the fact that very large centroid shifts almost always indicate a false positive, since the Kepler target is, by construction, intended to be the dominant source of light in the photometric aperture. The distribution of positions relative to the center of light among the objects under study may be reasonably modelled by the superposition of a uniform distribution out to distances beyond 40 ′′ and a Gaussian distribution centered at the center of light and having a width in each orthogonal coordinate characterized by a standard deviation close to 0.5 ′′ . Based on this, we discarded those sources where the best-fit distance from the fluxvariable source to the center-of-light exceeded 1.5
′′ and a 3σ lower bound exceeded 1
′′ . This test assures that the "radius of confusion" (the maximum distance from the target star where a relevant background binary could be hiding) for almost all of the candidates is smaller than 2 ′′ . This is illustrated in the upper left panel of Figure 4 . It was shown by Morton & Johnson (2010) that by shrinking the radius of confusion to this level, the probability of false positives due to background binaries is reduced to of order 5%. This centroid test eliminated half of the remaining candidates, confirming that short-period eclipsing binaries in the background are an important source of false positives.
The second in this series of tests was a check for any statistically significant (>3σ) differences between the depths of the odd-and even-numbered transits. Such a difference would reveal the candidate to be an eclipsing binary with twice the nominal period (see lower left panel of Figure 4 ). Approximately 40% of the objects were removed on this basis.
Third, there were five cases in which primary eclipses with a depth in the range 0.5-2% were accompanied by secondary eclipses 5 to 10 times shallower, similar to what is expected for a high-albedo hot Jupiter in such a short period orbit. However, the orbits of all 5 objects were found to be synchronized with the rotation of their host stars, and a close inspection revealed that in all cases the secondary's brightness temperature (inferred from the secondary eclipses) was higher than what would be expected from a planet (assuming zero albedo and inefficient transfer of heat to the nightside), both of which are signs that these objects are probably low-mass stars rather than planets (see Demory et al. 2011b ).
Finally, we eliminated every candidate with a transit signalto-noise ratio less than 12, after judging that such detections are too weak to put meaningful constraints on false positive scenarios, and also out of concern that the pipeline might not be complete at low signal-to-noise ratios (as confirmed in Section 5.1). This eliminated 22 more candidates. Within the remaining systems were two special cases, KIC 12557548 and KOI-2700 (Rappaport et al. , 2013b , which have asymmetric transit profiles that have been interpreted as signs that these planets are emitting dusty comet-like tails. Since the relationship between transit depth and planet radius is questionable for these objects, they were removed from our sample at this stage.
LIGHT CURVE ANALYSIS
Once the number of USP candidates was reduced to 114, we performed a more sophisticated light curve analysis. In particular, we wanted to make sure that systems with non-planetary transits or out-of-eclipse variations were completely removed. These tests, described below, also led to more reliable determinations of the transit parameters.
Transit times and orbital period
Using a trial period obtained from the FT, we folded each light curve, binned it in phase, and fitted a simple trapezoidal model representing the convolution of the transit profile and the 30 min sampling function. The free parameters were the duration, depth, the ingress (or egress) time, and the time of the midpoint.
With the best-fitting model in hand, the orbital period was recalculated according to the following procedure. For most of the candidates, individual transit events could not be detected with a sufficiently high SNR to obtain individual transit times. Instead, we selected a sequence of time intervals each spanning many transits, and the data from each interval were used to construct a folded light curve with a decent SNR. To decide how long the time intervals should be, we considered SNR q = SNR/ √ q, where SNR is the signal-to-noise ratio of the transit in the full-mission folded light curve and q is the total number of quarters of data available. For the cases with SNR q < 10, the intervals were chosen to span two quarters. For 10 < SNR q < 20, the intervals spanned one quarter. For 20 < SNR q < 30, the intervals spanned one-third of a quarter (approximately one month), and finally for SNR q > 30 the intervals spanned one-sixth of a quarter (approximately half a month). The trapezoidal model was fitted to each light curve to determine a mean epoch. For these fits, all parameters except the mean epoch were held fixed at the values determined for the full-mission folded light curve. Then, the collection of mean transit epochs was used to recalculate the orbital period. The formal uncertainty of each mean epoch was calculated using ∆χ 2 = 1, where χ 2 was normalized to be equal to the number of degrees of freedom. We then fitted a linear function to the mean epochs. In this manner the final transit ephemeris was determined. We examined the residuals, and did not find any cases of significant transit-timing variations. This finding is consistent with the prior work by Steffen & Farr (2013) who noted that such short-period planets tend to avoid near mean-motion resonances with other planets.
Transit and illumination curve analysis
We then returned to the original time series and repeated the process of filtering out variability on timescales longer than the orbital period, including starspot-induced variations. In this instance, the refined orbital period P and a slightly different procedure were used. For each data point f 0 taken at time t, a linear function of time was fitted to the out-of-transit data points at times t j within P/2 of t 0 . Then f 0 (t) was replaced by f 0 (t) − f fit (t) + 1, where f fit was the best-fitting linear function. Illustrative filtered and folded light curves are shown in Figure 5 .
Further analysis was restricted to data from quarters 2-16, since quarters 0 and 1 were of shorter duration than the other quarters, and the data seem to have suffered more from instrumental artifacts. For each system, the data were folded with period P and then binned to reduce the data volume and to enhance the statistics. The bin duration was 2 min unless this resulted in fewer than 240 bins, in which case the bin duration was set to P/240 (as short as 1 minute for orbital periods of 4 hours). The trapezoidal model was fitted to this binned light curve. Due to the long cadence 30 min time averaging, the effective ingress duration of the transit of a typical short-period small planet (with a transit duration of one to two hours) will then be slightly longer than 30 min. However, in the case of a background binary, the ingress time can be much longer, up to half the duration of the entire event (see the upper right panel of Figure 4 ). Once the best-fitting parameters were found, the allowed region in parameter space was defined with a Markov Chain Monte Carlo (MCMC) routine , which used the Gibbs sampler and the Metropolis-Hastings algorithm, and a A comparison between the apparent ingress/egress time and total transit duration. A small planet would produce a data point on the blue line, where the ingress time is approximately equal to 29.4 min (the sampling time of the observations), whereas a background eclipsing binary with comparably sized stars and a characteristically V-shaped light curve would produce a data point on the red line. Lower left.-Odd/even test. The even and odd transit depths are statistically indistinguishable for all our candidates, constraining the possible background binaries to be close to identical stars. Lower right.-For a true USP planet, any detected illumination curve should be accompanied by a secondary eclipse with a depth equal to twice the illumination amplitude (blue line). Otherwise, the out of eclipse variations could be attributed to ELVs from a background binary with twice the orbital period. likelihood proportional to exp(−χ 2 /2) (see, e.g., Appendix A of Tegmark et al. 2004 , or Holman et al. 2006 . We found that five of the USP candidates had ingress times significantly longer than 45 minutes (with >3σ confidence). These were removed from the candidate list.
With the list now reduced to 109 candidates, final transit parameters were determined. Our final model included a transit, an occultation, and orbital phase modulation. For the transit model we used an inverse boxcar (zero ingress time, and zero limb darkening) for computational efficiency. More realistic transit models are not justified given the relatively low SNR and the effects of convolution with the 30 min sampling function. The parameters were the midtransit time t 0 , the transit depth δ tran ≡ (R p /R ⋆ ) 2 , and the transit duration. The orbital period was held fixed, and a circular orbit was assumed.
The occultation (i.e., secondary eclipse) model f occ (t) was also a boxcar dip, centered at an orbital phase of 0.5, and with a total duration set equal to that of the transit model. The only free parameter was the occultation depth δ occ . The orbital phase modulations were modeled as sinusoids with phases and periods appropriate for ellipsoidal light variations (ELV), illumination effects (representing both reflected and reprocessed stellar radiation) and Doppler boosting (DB). Expressed in terms of orbital phase φ = (t − t c )/P, these components are (1) respectively, where t c is the time of the transit center. The final parameter in the model is an overall flux multiplier, since only the relative flux values are significant and there is always an uncertainty associated with the normalization of the data. In the plots to follow, the normalizations of the model and the data were chosen to set the flux to unity during the occultations when only the star is visible. For comparison with the data, the model was evaluated every 30 seconds, and the resulting values were averaged in 29.4 min bins to match the time averaging of the Kepler data.
Finally we determined the allowed ranges for the model parameters using a Monte Carlo Markov Chain algorithm. The errors in the flux data points in a given folded and binned light curve were set to be equal and defined by the condition χ 2 = N dof . No ELVs were found with amplitudes at or exceeding the >3σ confidence level; hence, all of the candidates passed this test. Secondary eclipses were detected in seven cases with amplitudes consistent with those of USP planets. In three cases, an illumination component was detected while the corresponding secondary eclipses were not detected: δ occ /A ill < 2 with 3σ confidence. For one of them the DB component was also detected (the only system that did not past that test). Those three candidates were eliminated from the list because only a background binary with twice the nominal period could plausibly be responsible for the out-ofeclipse variability without producing a secondary eclipse (see the lower right panel of Figure 4 ). We can also compare our results with some literature values. We obtained a secondary eclipse of 7.5 ± 1.4 ppm for Kepler-10b, a bit smaller than the value found by Fogtmann-Schulz et al. (2014) of 9.9 ± 1.0 ppm, using only the SC data, but slightly larger than the original value reported by Batalha et al. (2010) of 5.8 ± 2.5.
Based on the measured transit depth, and the stellar radius from Huber et al. (2014), we calculated the implied planet radius. Based on our results for Kepler-78b (Sanchis-Ojeda et al. 2013a), we added a 20% systematic uncertainty to the marginalized distribution of transit depths to account for the lack of limb darkening in our transit model. In almost all cases the uncertainty in the planet radius was still dominated by the uncertainty in the stellar radius.
One of the limitations of our transit analysis is that we could not readily obtain a value for the scaled semi-major axis (a/R ⋆ ), which can ordinarily be obtained when fitting high-SNR transit light curves, and is needed for computing planet occurrence rates due to its role as the inverse geometric transit probability. We can obtain a good estimate using the approximate relation:
where P is the known orbital period, T is the total duration of the transit, and b is the impact parameter. For each of the values of T obtained in the MCMC analysis, we evaluate the expression on the right-hand side using a value of b drawn from a uniform distribution over the interval 0.0 to 0.9. The latter limit was not set to 1.0 because the transits in very high impact parameter cases are very short in duration and therefore very difficult to detect. Since the uncertainty in a/R ⋆ , estimated as the standard deviation of the final distribution, is large and dominated by the wide range of allowed b values, the systematic error induced by using equation (2) can be neglected. Within our final list of 106 USP planet candidates, 8 candidates emerged uniquely from our search, including Kepler78b (see Fig. 3 for a diagram describing the origin of all 106 candidates). Another 10 objects were flagged by the Kepler pipeline but were marked as false positives in the updated KOI list (Akeson et al. 2013) , because, in at least some of the cases, the pipeline gave the wrong orbital period (the pipeline is not intended to work with periods below 12 hours). The transit light curves of these 18 candidates are shown in Figure 5 , and the transit parameters are given in Table 2 . An examination of the KOI list shows that 27 KOI planet candidates with orbital periods shorter than 1 day were excluded in our analysis, either because of a low SNR (8 KOIs), or because those candidates did not pass our tests intended to exclude false positives (19 KOIs). Similarly, 7 planet candidates proposed by Ofir & Dreizler (2013) , Huang et al. (2013 did not appear in the KOI list, and also did not pass our tests. This information is summarized in Table 3 . Figure 6 shows the radii and orbital periods of the 106 USP candidates. In this figure we have identified the planets orbiting G and K dwarf stars (4100 K < T eff < 6100 K, 4.0 < log g < 4.9), which represent the subset of stars where most of the planets are detected. One striking feature of this group is the relative scarcity of planets larger than 2 R ⊕ . This finding cannot be easily attributed to a selection effect, because larger planets are easier to detect than small planets. This is in strong contrast to the planet population with periods in the range 2-100 days, for which planets with size 2-4 R ⊕ ("sub-Neptunes") are just as common as planets with radius 1-2 R ⊕ (Howard et al. 2012; Fressin et al. 2013) .
Planetary radius distribution
The explanation that comes immediately to mind is that gaseous planets are missing from the USP candidate list because such planets would have lost most of their gaseous envelopes to photoevaporation (Watson et al. 1981; Lammer et al. 2003; Baraffe et al. 2004; Murray-Clay et al. 2009; Valencia et al. 2009; Sanz-Forcada et al. 2011; Lopez, Fortney, & Miller 2012; Lopez & Fortney 2013a; Owen & Wu 2013; Kurokawa & Kaltenegger 2013) . Indeed, the levels of irradiation suffered by these planets (see Figure 6 ) are high enough to remove the entire envelope from a gaseous planet for a wide range of mass loss efficiencies and core masses (Lopez & Fortney 2013a) . If that is the case, then the USPs may be a combination of rocky planets and formerly gaseous planets that lost their atmospheres. In fact, Lopez & Fortney (2013a) predicted that planets smaller than Neptunes with incident fluxes larger than a hundred times the Earth's incident flux would end their lives mostly as rocky planets smaller than 2 R ⊕ .
In the observed radius distribution, 95% of the candidates have a radius smaller than 1.9 R ⊕ . If we assume that the USP candidate list contains only rocky planets (because gas would have been evaporated), and that it represents a fair sampling of the full range of possible sizes of rocky planets, then this finding can be interpreted as a direct measurement of the maximum possible size of a rocky planet. The value of 1.9 R ⊕ is in agreement with a limiting size of 1.75 R ⊕ quoted by Lopez & Fortney (2013b) based on the complexity of forming planets larger than this limit with no significant H/He envelopes. Weiss & Marcy (2013) also note that planets smaller than 1.5 R ⊕ seem to have, on average, densities similar to that of Earth, which could be a sign that they are mostly rocky. It would be interesting to firm up our empirical determination of the limiting size of rocky planets after the estimates of the stellar radii have been improved using spectroscopy or other means.
There are also two USP candidates with implied planet radii larger than 2 R ⊕ . They both belong to the group of six planet candidates that orbit stars hotter than 6250 K. The probability of this occurring by chance is only 0.3%, and it is intriguing that these hotter stars are distinguished from the cooler stars by the lack of a convective envelope (Pinsonneault et al. 2001) . Perhaps the weaker tidal friction associated with the lack of a convective envelope has allowed these planets to survive tidal decay, and, furthermore, their core masses could be large enough that some of their gaseous envelopes have been retained (see Owen & Wu 2013 and references therein) .
For the shortest-period planets, meaningful lower limits on -Constraints on mass and radius of the USP candidates (red and blue points) and other exoplanets drawn from the literature (black points). For the USP candidates, the mass constraint follows from the requirement that the orbit lie outside the Roche limit (Rappaport et al. 2013a ). Candidates with P < 10 hr must have mean densities larger than 2 g cm −3 ; the shortest-period candidates must have mean densities exceeding that of Earth and are likely rocky. Additional black triangles represent Kepler-36b (Carter et al. 2012) , and Kepler-11b (Lissauer et al. 2011 , Lissauer et al. 2013 , and 55 CnC e is too massive to appear in this panel.
the mean densities can be established from the mere requirement that they orbit outside of their Roche limiting distances. We have calculated these limiting densities for all the planet candidates with orbital periods shorter than 10 hours orbiting G and K dwarfs, using the simplified expression (Rappaport et al. 2013a )
which is based on the assumption that the planet's central density is no more than twice the mean density. From this lower limit on the density, and the best fit estimated planet radius, we were able to calculate a lower limit on the planet mass.
The results are shown in Figure 6 . Including the USP sample, it is now possible to place constraints on the mean density of about 10 additional terrestrial-sized planets. For a few of them, namely those with orbital periods shorter than 5-6 hours, the minimum mean density is large enough that the planets are likely to be rocky. The caveats here are that we have not established individual false positive rates for most of these planets; and without spectroscopically determined properties for the host star, the uncertainties in the planet properties are large.
COMPLETENESS AND FALSE POSITIVE RATE
We will soon turn to the calculation of the "occurrence rate" of USP planets, defined as the probability that a given star will have such a planet. Before calculating the occurrence rate, there are two important issues to address. The first issue is completeness: how many transiting USP planets could have been missed in our search? The second issue is that of false positives: how many of the 106 USP candidates are likely to be true planets as opposed to diluted eclipsing binaries or other systems that somehow mimic a planetary signal and evaded our various tests? 5.1. Completeness Our search procedure was designed mainly to detect a sizable sample of new USP candidates, and in this respect it was successful, having yielded 18 new candidates. However, the procedure was complicated enough that it is not straightforward to perform quantitative tests for completeness. At least there are good signs that the completeness is high, based on a comparison between the yield of our pipeline, and the overlap with the various other searches that have been conducted with the Kepler data (see Figure 3) .
We have attempted to measure the completeness of the automated portion of our search by injecting simulated transits into real Kepler light curves and then determining whether they are detected by our pipeline analysis. A similar injectand-recover test for longer-period planets was recently performed by Petigura et al. (2013) . A more realistic simulation in which the signatures of background binaries and other false positive sources, as well as planet transits, are injected into pixel level data, was beyond the scope of our study.
To start, we selected a set of 105, 300 Kepler target stars consisting of G-dwarfs and K-dwarfs with m Kep < 16. A star was then chosen at random from this set, an orbital period was chosen from a distribution with equal probabilities in equal logarithmic intervals over the range 4 hours to 24 hours, a planet radius was chosen from the same type of distribution, but over the size range 0.84 R ⊕ to 4 R ⊕ , and a transit impact parameter was chosen at random from the interval 0 to 1.
Given the period and the stellar properties, the orbital radius could be estimated from the relation a/R ⋆ = 3π/(GP 2 ρ 3 ⋆ ). The duration of each transit was then calculated using Eqn. (2), and the planet radius and stellar radius were used to compute the transit depth (R p /R ⋆ ) 2 . Simulated transit signals were then constructed using the trapezoidal model described in section 4.2, which takes into account the 30-minute cadence of the observations, and injected into the mean-normalized PDC-MAP light curve for the selected star.
This procedure, starting with the random selection of a star, was repeated, on average, twice for each of the 105,000 stars in the list, and all of the resulting flux time series were processed with the part of the automated pipeline corresponding to the first four boxes in Figure 1 as used in our actual planet search. In brief, a 3-day moving-mean filter was applied to the light curve, and the FT was calculated. The planet was considered further if the correct frequency or an integral multiple of the correct frequency was detected in the Fourier spectrum. Given a detection, a filtered folded light curve was constructed, using the detected period, and the planet was rejected if the SNR of the transit dip was lower than 7 or if a sinusoid yielded a better fit than a transit profile. The final step was to remove those objects for which the transit signals have an SNR lower than 12 at the real orbital period (which may differ from the SNR at the detected orbital period).
We did not attempt to simulate the visual-inspection portions of the pipeline, as this would be prohibitively timeconsuming (this issue is discussed further at the beginning of Section 6). The false positive tests also were not performed, since the transit shapes should be similar to the injected transit shapes.
The results of these numerical experiments are shown in Figure 7 . The left portion of the figure shows the dependence of the completeness on period and planet radius. Evidently the pipeline was able to detect nearly all planets larger than 2 R ⊕ . The efficiency is also seen to generally rise at shorter periods. This may be simply explained, at least in part, by the fact that more transits occur for shorter-period planets over the duration of the observations, which usually results in a higher total SNR than that of longer-period planets of the same size and with the same type of host star.
The right side of Figure 7 gives information relating to the efficiency of the pipeline as a function of the "fiducial SNR" of the transit signals. We calculated the fiducial SNR of the folded transit light curve based on the average over the available quarters of the CDPP noise levels that were reported in the headers of the FITS files (see section 2.1; Howard et al. 2012) according to
where q is the number of quarters of data, the factor 84.4 represents the average number of effective days of observations per quarter and the factor of 6 hr is introduced because the CDPP is reported for a 6 hr timescale. This definition of fiducial SNR is convenient because the level of noise in the light curve depends on the filter used, but the CDPP noise is easily accessible through the Kepler FITS files. As seen in the upper right panel of Figure 7 , our original SNR > 12 cut (see section 3.2) does not perfectly translate into SNR CDPP > 12.
There is a small fraction (a few hundred) of simulated planets that were detected with SNR CDPP < 12, and there were also some planets with SNR CDPP > 12 that were missed by the pipeline. The efficiency increases from nearly zero at SNR CDPP = 10 (due to our SNR > 12 cut) to for example 90% at SNR CDPP = 25 (also in Figure 7) . This "ramp" in detection efficiency is reminiscent of the work of Fressin et al. (2013) , who proposed that the detection efficiency of the Kepler transit search pipeline rises as a nearly linear function of SNR CDPP from essentially zero at SNR CDPP = 7 to approximately 100% at SNR CDPP = 16. As one might have expected, our FT-based pipeline seems to be somewhat less efficient at detecting low-SNR planets than the Kepler pipeline. The likely reason is that the significance of the FT-based detection is spread over numerous harmonics, and since we used only two harmonics to detect signals, some of the lowest-SNR planets are not detectable. Evidence for this can be seen in the lower right panel of Figure 7 , where the detection efficiency has been calculated for orbital periods shorter and longer than 12 hours. The pipeline detects many more low-SNR planets with short orbital periods, because their signals are spread over fewer harmonics. This may be the reason why most of our newly detected planet candidates have short orbital periods, while the candidates missed by our search and discovered by the Kepler pipeline tend to have longer orbital periods.
Low false positive rate and high multiplicity
We now investigate the issue of false positives. One approach would be to pursue the validation or confirmation of all 106 objects, most definitively by direct mass measurement (as was done for Kepler-78; Howard et al. 2013; Pepe et al. 2013) or, somewhat less definitively, by the lack of ELVs and by statistical arguments (as was done for KOI-1843.03; . We have found that a simpler argument is available for the USP candidates, based on the empirically high probability that USP planets are found in compact, coplanar, multi-planet systems.
It has already been shown that the false positive rate for a transit candidate that is found in association with other transit candidates of different periods around the same Kepler target is much lower than the false positive rate of a transit candidate that is found in isolation (Lissauer et al. 2012; Lissauer et al. 2014 ). The reason is that background binary stars (an important source of false positives) are expected to be spread randomly over the Kepler field of view, whereas the planet candidates are found to be clustered around a relatively smaller sample of stars. This same line of argument can be extended to the USP candidates. To be specific, in what follows we will restrict our attention to candidates detected with our pipeline and with G and K-type hosts. For convenience we will also Depicted are the periods and planet sizes for the subset of 10 USP candidates detected with our pipeline with G and K-type host stars and at least one other transit candidate with P = 1-50 days. The radius of the dot is proportional to the square root of the planet radius. The presence of multiple candidates causes these 10 USP candidates to have a very low false positive probability (Lissauer et al. 2012) .
define a "short-period planet" (SP planet) as a planet with a period in the range 1-50 days, as opposed to USP planets with P < 1 day.
There are 10 stars hosting USP candidates in our sample of G and K stars that also host at least one transiting SP candidate. The orbital periods and planet sizes for these 10 systems are displayed in Figure 8 . These planet candidates are likely to be genuine planets, based on the statistical arguments by Lissauer et al. (2012) . In order for this argument to work, false positives with orbital periods shorter than one day should be found less frequently orbiting multiplanet systems (Lissauer et al. 2014) . In particular, if we focus only on the active KOI list (Akeson et al. 2013) , we evaluate the fraction of false positives detected for G and K-type hosts with P < 1 day as being 6 times lower for stars that have at least one active SP planet candidate than for those that do not. Since all of our 10 USP candidates accompanied by transiting SP candidates have also passed conservative false positive tests, we feel justified in assuming that they have a high probability of being genuine planets, which we will take to be ≃ 100%. Next we show that the existence of these 10 systems implies the existence of a larger number of transiting USP planets which have non-transiting SP planets. This is because the geometric probability of transits decreases with orbital distance, and is lower for the SP planet than for the USP planet.
The transit probability is given by R * /a ∝ P −2/3 for stars of the same size. We can derive an effective transit probability for a range of orbital periods by integrating P −2/3 against the period distribution of planets, f (P). For the latter we utilize Eqn. (8) of Howard et al. (2012) :
where, for their case which includes all planet sizes, P 0 ≃ 4.8 days, β ≃ 0.52 and γ ≃ 2.4 (Howard et al. 2012) . We then compute the effective transit probability, P
When we carry this integral out numerically for the ranges: P = 1/6 → 1 day and P = 1 → 50 days, we find:
Indicating the effective transit probability is ∼ 7 times higher in the USP range than in the SP range. If the distribution of SP planets is unaffected by the presence of a USP planet, this then implies that if we find 10 ± √ 10 USP planets with transiting SP planets, there should be a total of 69 ± 22 USP planets with SP planet companions. 6 We have found 69 USP 6 Here, in computing the uncertainties, we have simply assumed that the candidates orbiting G and K dwarfs, which is fully consistent with the idea that essentially all USP planets are in systems with other SP planets, whether they are seen transiting or not. This also suggests that the number of false positives among the 69 USP planet candidates is likely to be quite low. We do acknowledge that part of the above argument is somewhat circular since we have extrapolated the expression for f (P) from Howard et al. (2012) , which was only derived for planets with P > 1 day and all sizes, into the USP range and for small planets. We do, however, find numerically that the result is rather insensitive to the choice of γ at least over the range 2 < γ < 5, γ being the parameter which largely dictates the slope in the short-period range. Moreover, it turns out that the Howard et al. (2012) extraplolated slope for f (P) is essentially the same for their smallest planets as compared with all planets. Thus, at a minimum, this very plausible period distribution function provides an interesting self-consistency check.
In summary, it is very clear that the 10 USP candidates with transiting SP companions imply the existence of a much larger number of USP candidates with non-transiting SP planetsand we indeed find them.
Interestingly, Schlaufman et al. (2010) predicted that a large family of terrestrial planets would be found with Kepler with periods shorter than 1 day, and that they would be accompanied by other planets in their systems. This was based on the fact that the dynamical interactions between planets can bring a close-in planet even closer to its star, where tidal dissipation can further shrink the orbit. However, it is unclear if planets with orbital periods as long as 50 days could have had any dynamical influence on the USP, particularly since these planets are also quite small (see Figure 8) . What is clear, though, is that the USPs are very different from hot Jupiters, which have been found to have a very low probability of having additional companions with periods <50 days ).
6. OCCURRENCE RATE 6.1. Method of calculation We have argued that the list of 106 USP candidates has a low false positive rate, and that we have a good understanding of the completeness of our pipeline for a wide range of orbital periods and planet radii. We can now use the estimate of the completeness to estimate the occurrence rate (Petigura et al. 2013) . Out of the 106 USP planet candidates, 97 were detected by our automatic pipeline (see Figure 1 ; the 97 candidates belong to the box with ∼ 3, 500 candidates), although 7 of them were dropped in the subsequent visual inspection of the light curves, giving a final list of 90 USP candidates. This low fraction of dropped planets (7 out of 97) gives us confidence that our visual inspection procedure is fairly robust. In order to compare our results with the simulation, we should minimize the effects caused by this visual inspection step on the final sample of planets, since this step was not taken into account in the injection/recovery simulations. We decided to use the 97 USP planet candidates in our group of 106 that were identified by our automatic pipeline prior to the visual inspection step, and acknowledge that a few additional planetary candidates could have been misclassified in this step.
We again concentrate on the 105,300 G and K dwarfs with m Kep < 16, the same stars used in our simulation of multiplanet systems. There are a total of 69 USP planet candidates detected by our pipeline orbiting the G and K dwarfs with number of detections is subject to the usual counting statistics. orbital periods ranging from 4 to 24 hours and radii ranging from 0.84 to 4 R ⊕ (see Figure 7) . For each planet, we selected the 400 injected planets closest in orbital period and planet radius, where the distance to the i th detected planet with coordinates [R i , P i ] is calculated with the following expression:
This formula ensures that the positions of the 400 simulated planets are selected from a circle in log-log space. We calculated the local completeness rate C i as the fraction of planets detected among those 400 simulated planets. The contribution of each planet to the final occurrence rate is
where N ⋆ is the total number of stars searched for planets and the factor a/R ⋆ is the inverse transit probability. Given a range of orbital periods and planet radii, we sum all the contributions from all n pl planets detected in that range to estimate the final occurrence rate f . Following the recipe given by Howard et al. (2012) , we then define the effective number of stars searched as n ⋆,eff ≡ n pl / f and compute the uncertainties in f from the 15.9 and 84.1 percent levels in the cumulative binomial distribution that results from drawing n pl planets from n * ,eff stars. Figure 9 shows the resulting occurrence rates for 4 logarithmic intervals in the orbital period (marginalized over radius) and for 9 logarithmic intervals in the planet radius (marginalized over period). The occurrence rate increases with period, and is consistent with a power law, as had already been seen for longer orbital periods (Howard et al. 2012; Fressin et al. 2013; Petigura et al. 2013) . As a function of radius, the occurrence rate changes by less than a factor of ∼ 2 in the interval 0.84-1.68 R ⊕ , and drops sharply for larger radii. At ultra-short orbital periods, Earth-size planets are more common around these stars than sub-Neptunes or any other type of larger planets. Integrating over all periods and sizes, we find that there are 5.5 ± 0.5 planets per thousand stars (G and K dwarfs), with orbital periods in the range 4-24 hours and radii larger than 0.84 R ⊕ .
Dependence on planet radius and period
As mentioned in Sect. 4.3, the lack of planets larger than 2 R ⊕ may be interpreted as a consequence of the extremely strong illumination in the tight USP orbits (see, e.g., Owen & Wu 2013 and references therein). We can compare our results to occurrence rates calculated at longer orbital periods, to try to detect trends that might support or refute this interpretation. We use the occurrence rates measured by Fressin et al. (2013) for planets as small as Earth and for periods of 0.8-85 days. To allow a direct comparison, we divided our 50 planet candidates with orbital periods shorter than 0.8 days into three groups according to size: Earths, super-Earths and sub-Neptunes (see Figure 10) , and calculated the occurrence rate for each group. The results are shown in Figure 10 .
A lack of sub-Neptunes is evident in Figure 10 at the shortest orbital periods; in fact, sub-Neptunes are significantly less common than super-Earths for orbital periods shorter than 5 days and possibly even up to 10 days. This absence of subNeptunes had been predicted by different simulations of mass loss of close-in planets (Baraffe et al. 2004; Valencia et al. 2009; Lopez & Fortney 2013a; Owen & Wu 2013) . There also seems to be a modest excess of USP Earth-size planets relative to the occurrence rate of super-Earths, which could very well be the cores of the transmuted sub-Neptunes. A -Occurrence rate for ultra-short-period planets. Occurrence rates were computed on a two-dimensional grid of planet radius and orbital period. The occurrence rate takes into account the implied number of non-transiting planets, as well as the number of stars that were effectively searched for such a planet. Integrated over all radii and periods <1 day, the total occurrence rate is 5.5 ± 0.5 planets per thousand stars. The occurrence rate increases with orbital period, and decreases with planet radius for Rp < 2 R ⊕ . more detailed statistical analysis is required to assess the significance of this excess, and it would be convenient to update the occurrence rate at longer orbital periods with new data.
It is still possible that any mechanism that either allowed these planets to form so close to the star, or that caused these planets to have such tight orbits, is less efficient for subNeptunes than for smaller planets. Obtaining the masses of some of these planets in order to measure their densities and compositions would provide some helpful context. Obtaining precise stellar radii (via spectroscopy) and hence planet radii for a uniform sample of close-in planets, could reveal additional signatures of photoevaporation.
Dependence on stellar type
We have also investigated the dependence of the occurrence rate on the type of star, to the extent that this is possible with the Kepler data. If ultra-short period planets had an occurrence rate independent of stellar temperature, we would expect to find most planets orbiting Sun-like stars (with T eff ≈ 5800K), since these stars are the most common type of star in the Kepler target catalog, and they dominate the number of USP-searchable stars. However, the host stars of the detected USP candidates tend to be cooler, with temperatures closer to T eff ≈ 5000 K (such as . This might be a clue that planets with orbital periods shorter than one day are more common around cooler stars. In order to test this, we first calculate the occurrence rate for the hotter stars in our sample (G dwarfs, 5100-6100 K) . Using all such stars with m kep < 16, we have 48 USP candidates around 89,000 stars. Thus the occurrence rate for such planets is 5.1 ± 0.7 planets for every thousand stars. The same calculation for the cooler stars (K dwarfs, 4100-5100 K) yields 8.3 ± 1.8 planets per thousand stars, based on 21 USP candidates orbiting 16,200 stars. The difference between the occurrence rates for these two spectral classes is only marginally significant (at the 1.7σ level). It would be interesting if USP planets are more common around K dwarfs than G dwarfs. A similar temperature trend in the occurrence rate of planets with 1-50 day periods was found by Howard et al. (2012) , although this finding has been challenged by Fressin et al. (2013) based on the statistics of planets with even longer orbital periods. This collection of results suggests that the dependence of occurrence rate on the type of star is most pronounced for the shortest period planets. Indeed, since planet formation depends on the temperature of the materials in the protoplanetary disk, and since the protoplanetary disks around cooler stars are cooler at a given orbital distance, one could imagine scenarios in which cooler stars have a higher abundance of short-period planets. In this case it will be worth extending our study to slightly longer orbital periods to find the transition point at which K and G dwarf stars have the same number of planets, and also to extend this study to include stars of spectral types F and M.
Even though our sample of USP planets transiting F and M dwarfs is somewhat limited, we can use it to put very useful bounds on the occurrence rate of such planets. For that we repeated the completeness calculation using F and M hosts, and repeated all the steps of the computation. For F dwarfs (6100-7100 K), we find 9 planet candidates within a sample of 48,000 stars, giving an occurance rate of 1.5 ± 0.5 planets per thousand stars. For M dwarfs (3100-4100 K), we find 6 planet candidates out of a sample of 3537 stars, yielding a rate of 11 ± 4 planets per thousand stars. This represents further evidence that cooler stars are more likely to host USP planets. If we now combine the USP planet occurrence rates for all four spectral classes of host star (M, K, G, and F) the decreasing trend in occurrence rate with increasing T eff becomes quite significant. These results are summarized on Table 1.
SUMMARY AND CONCLUSIONS
In this work we have performed a systematic search of the entire Kepler database for ultra-short period (USP) planet candidates, defined as those having orbital periods < 1 day. We utilized a standard Fourier transform algorithm to search for periodic signals in the data, and found it to be quite efficient at finding short-period periodicities. An automated pipeline selected several thousand objects for further investigation including the analysis of transit-profile shapes in the folded light curves. The folded light curves for these candidates were also inspected by eye to yield a first-cut set of 375 interesting candidates. These objects were combined with 127 USP planet candidates from the KOI list, as well as other objects found in the literature, resulting in a set of 471 distinct candidates worthy of detailed study.
These 471 initially selected candidates were then subjected to a number of standard tests, including examination of shifts in the light centroid during transits/eclipses, symmetry between odd and even transits/eclipses, shape of transits, etc.
The final result is a set of 106 USP planet candidates that have passed a set of very restrictive tests. Eight of these objects are completely new, while another 10 were KOIs that had been rejected, largely because their orbital period had been incorrectly identified by the Kepler pipeline.
Our final set of 106 USP candidates, and their properties, are summarized in Table 1 . In the process we also eliminated some 26 USP candidates from the KOI list and others that were found in the literature. These are listed, along with reasons for rejection, and 8 more USP candidates not considered in this study due to low SNR, in Table 2 .
The USP planets are inferred to occur around one out of every 200 stars, on average. This makes them nearly as abundant as hot Jupiters. We also infer that the USPs nearly always have companion planets with P < 50 days unlike hot Jupiters, which rarely have such companions. The occurrence rate of USP planets rises with period from 0.2 to 1 day, and there is evidence that the occurrence rate is higher for cooler stars than for hotter stars. The population of USP planets offers a number of opportunities for follow-up ground-based observations, as has already been illustrated by the examples of Kepler10b (Batalha et al. 2011) and Kepler-78b (Sanchis-Ojeda et al. 2013a) .
A key finding was the relative scarcity of USP planets with radius > 2 R ⊕ . It is worth noting that the well-known USP planet 55 Cnc e has a radius very near the top end of the range of planet sizes in our catalog; its radius has been estimated as 2.0 R ⊕ (Winn et al. 2011) or 2.2 R ⊕ . The results of our survey would seem to imply that the discovery of an USP planet as large as 55 Cnc e was unlikely. However, it is difficult to assess the significance of this "fluke" given that the mass and radius of 55 Cnc e were determined after a process of discovery with important and complicated selection effects.
The relative scarcity of planets with > 2 R ⊕ could be naturally interpreted as a consequence of the strong illumination in the tight orbits. It is possible that a large fraction of the Earthsized planets in our sample were formerly sub-Neptunes (see Owen & Wu 2013 and references therein). There might be other observational signatures of this phenomenon, such as enhanced densities or other compositional properties, that are worth exploring. It is also worth continuing the exploration of planets with slightly longer orbital periods to determine at what distance sub-Neptunes start to become common (see Figure 10 ), and to study those systems in detail to understand the speed and efficiency of the mass-loss mechanism.
It is unclear how the USP planets attained such tight orbits, although there is little doubt that they formed further away from their host stars. The relation between the USPs and the first discovered family of close-in planets-the hot Jupitersis also not clear. For hot Jupiters, the formation problem is more difficult, in a sense, because they are supposed to have migrated from beyond the snow line, whereas current planet formation theories can accommodate the formation of smaller planets closer to the star. A full comparison between the properties of both families of planets could reveal more differences that might help us understand how the close-in small planets evolve into their current stage. In particular, it would be interesting to test whether the host stars of USP planets are preferentially metal-rich, as is well known to be the case for hot Jupiters (Santos et al. 2004 ). Studies of small planets at somewhat longer periods have not found such a metallicity effect in systems with G and K host stars (Schlaufman & Laughlin 2011; Buchhave et al. 2012) . It would also be interesting to measure the obliquities of the host stars to see if their rotation axes are frequently misaligned with the planetary orbits, as is the case with hot Jupiters (see, e.g., Winn et al. 2010; Triaud et al. 2010; Albrecht et al. 2012) , or whether they have low obliquities similar to many of the multi-transit host stars that have been measured Hirano et al. 2012b; Albrecht et al. 2013; Van Eylen et al. 2014) . Such measurements might be challenging for small planets, but could be achievable with techniques that do not depend critically on transit observations, such as asteroseismology (Chaplin et al. 2013) . Given a large sample of obserations, the v sin i technique can also be used to constrain the statistical properties of the distribution of obliquities for a given family of planets (Schlaufman 2010; Hirano et al. 2012a; Hirano et al. 2014) .
A large fraction of our planet candidates should induce radial velocity changes in their host stars at levels of a few meters per second. Measuring the masses of these planets, or constraining them, may be achievable with high-precision radial velocity instruments on large telescopes, at least for the brightest host stars. This would increase our knowledge of the compositions of Earth-size planets. 
